To examine the effectiveness of board games and programs that use board games, the present study conducted a systematic review using the PsycINFO and PubMed databases with the keywords "board game" AND "trial;" in total, 71 studies were identified. Of these 71 studies, 27 satisfied the inclusion criteria in terms of program content, intervention style, and pre-post comparisons and were subsequently reviewed. These 27 studies were divided into the following three categories regarding the effects of board games and programs that use board games: educational knowledge (11 articles), cognitive functions (11 articles), and other conditions (five articles). The effect sizes between pre-and post-tests or pre-tests and follow-up tests were 0.12-1.81 for educational knowledge, 0.04-2.60 and − 1.14 -− 0.02 for cognitive functions, 0.06-0.65 for physical activity, and − 0.87 -− 0.61 for symptoms of attention-deficit hyperactivity disorder (ADHD). The present findings showed that, as a tool, board games can be expected to improve the understanding of knowledge, enhance interpersonal interactions among participants, and increase the motivation of participants. However, because the number of published studies in this area remains limited, the possibility of using board games as treatment for clinical symptoms requires further discussion.
Background
A board game is a generic term for a game played by placing, moving or removing pieces on a board and that utilizes a game format in which pieces are moved in particular ways on a board marked with a pattern. Examples of board games include chess, Go, and Shogi. Research involving chess, which is played by two players on a board with 64 black and white squares and 16 pieces for each player [1] , has contributed to the theoretical development of cognitive psychology [2] . For example, Burgoyne et al. [3] conducted a meta-analysis and demonstrated that chess skills are significantly and positively correlated with four broad cognitive abilities: fluid reasoning, comprehension-knowledge, short-term memory, and processing speed. Similarly, a metaanalysis by Sala and Gobet [4] found that chess instruction moderately improves the cognitive skills of children.
In contrast, Go is ancient board game that consists of simple elements (a line and circle, black and white colors, and stone and wood materials) combined with simple rules that generate subtleties that have enthralled players for millennia [5] . Go is a famous board game in Asian countries and has been used as a tool for increasing or maintaining brain activity for more than 5000 years [6] . It is currently gaining popularity in the United States and Europe [6] , and Kim et al. [7] has suggested that playing Go might be effective for children with attention-deficit hyperactivity disorder (ADHD) due to its activation of hypo-aroused prefrontal cortical function and the enhancement of executive function. Lin et al. [8] conducted an intervention study using GO in patients with Alzheimer's disease and showed that playing Go can also improve the clinical symptoms associated with depression, anxiety, and Alzheimer's Disease. Similar to chess and Go, Shogi is a board game for two players that is also referred to as Japanese chess. Wan et al. [9] conducted an experiment with undergraduate students and found that Shogi training is related to activation in the head of the caudate nucleus. Taken together, the abovementioned findings suggest that chess, Go, and Shogi are effective ways to achieve various outcomes.
There are many board games other than chess, Go, and Shogi. For example, educational board games, such as Kalèdo, have been used to improve nutrition knowledge and promote a healthy lifestyle for children [10] . Zeedyk et al. [11] investigated the effectiveness of a board game for increasing knowledge about road safety and danger and found that the interventions were significantly effective in increasing children's knowledge. Although the impacts of various board games have been previously examined, their effects have yet to be comprehensively reviewed. As a result, the functions and effects of board games as a whole remain unclear. Thus, the present review systematically examined the effectiveness of board games and programs that use board games.
Methods
For the present review, a literature search based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses [12] using the PsycINFO and PubMed databases was conducted to collect findings on the effectiveness of board games and programs using board games. The keywords for the literature search were "board game" AND "trial," and the date selected was September 13th, 2018. The search identified nine studies from PsycINFO and 32 studies from PubMed. The first author of this review performed a manual search that identified six additional studies, and 24 additional studies were extracted from Sala & Gobet [4] , which conducted a meta-analysis about the benefits of chess. Duplicate studies were deleted and, ultimately, a list of references consisting of 66 articles was prepared.
The inclusion criteria for the present study were as follows: (a) studied the effects of board games and programs using board games on psychological and educational outcomes, (b) included pre-post comparative tests, (c) used an interventional or experimental rather than a review approach, (d) had full text availability, (e) was written in English, and (f) was peer reviewed. A screening to remove articles that were judged not to satisfy any of the criteria from (a) to (f) was conducted, and 29 articles were extracted. Additionally, one study was excluded because it did not use a traditional board game (it used a Wii Fit balance board), and one study was excluded because the content details of the board game were unclear. Ultimately, 27 articles were selected for the present study; the literature search process is presented in Fig. 1 .
Furthermore, in the studies where the means and standard deviations of the intervention group are described, Cohen's d was calculated to assess effect sizes between pre-and post-tests or between pre-tests and follow-up tests with the following formula based on Cohen [13] .
Note: M 1 and M 2 are the mean of the intervention group at the pre-test session and the post-test session or follow-up test session, respectively. SDpooled is the pooled standard deviation (SD 1 is the standard deviation of the intervention group at the pre-test session and SD 2 is the standard deviation at the post-test session or follow-up test session). n 1 is the number of samples at the pre-test session. n 2 is the number of samples at the post-test session or follow-up test session.
In the studies where the means and standard deviations are described in the intervention group and the other groups, Cohen's d was also calculated to assess effect sizes compared to the other groups (control groups) with the following formula based on Sala et al. [14] .
Note: Mgi and Mgc are the mean gain of the intervention group and the control group (other group) at the post-test session or at the follow-up test session, respectively, and SDpooled-pre is the pooled standard deviation of the two pre-test standard deviations. SDpre.i is the standard deviation of the intervention group at the pretest session, and SDpre.c is the standard deviation of the control group at the pre-test session. ni is the number of samples in the intervention group who received the pretest session and post-test session or the pre-test session and follow-up test session. nc is the number of samples in the control group who received the pre-test session and post-test session or the pre-test session and followup test session.
According to Cohen [13] , Cohen's d of approximately 0.20 is small, 0.50 medium, and 0.80 large.
Results and discussion

The effect of interventions with board games
In the present review, the selected studies were divided into the following three categories regarding the effects of board games and programs that use board games: educational knowledge (11 articles), cognitive functions (11 articles), and other conditions (five articles).
An overview of the findings about the effects of board games and programs that use board games related to educational knowledge is shown in Table 1 [10, 11, [15] [16] [17] [18] [19] [20] [21] [22] [23] . Board games in this category were used for the purpose of improving educational knowledge, and the effect sizes (Cohen's d) between pre-and posttests or between pre-tests and follow-up tests ranged from 0.12 to 1.81 and between the mean gain of the main intervention group and the other groups ranged from 0.81 to 0.93 and − 1.84 to − 1.65.
An overview of the findings about the effects of board games and programs that use board games on cognitive functions is shown in Table 2 [6, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . This category included board games such as Go, Ska, and chess, and the effect sizes (Cohen's d) between pre-and post-tests of cognitive function ranged from 0.04 to 2.60 and − 1.14 to − 0.02. The effect size of the exacerbation was calculated in only the chess group of Sala et al. [27] . The effect sizes (Cohen's d) between the mean gain of the main intervention group and the other groups ranged from 0.06 to 2.36 and − 1.38 to − 0.22.
An overview of the findings about the effects of board games and programs that use board games on other conditions is shown in Table 3 [7, 8, [34] [35] [36] . This category addressed the impacts of board games on physical activity, anxiety, ADHD symptoms, and the severity of Alzheimer's Disease. The effect sizes (Cohen's d) between pre-and post-tests or between pre-tests and follow-up tests ranged from 0.06 to 0.65 for physical activity and from − 0.87 to − 0.61 for ADHD symptoms.
Board games and educational knowledge
Eleven studies that used board games to increase educational knowledge were selected for this review. The present findings showed that board games influence educational knowledge and concomitant outcomes, with the effect sizes for educational knowledge ranging from very small to large.
Board games can be used as a tool to encourage learning. In previous studies, specialized board games aimed at improving knowledge in the field of education were targeted and subsequently developed and investigated. For example, Wanyama et al. [16] conducted a study of the Make a Positive Start Today game, which is a board game aimed at improving knowledge about human immunodeficiency virus (HIV) and sexually transmitted infections (STIs). Similarly, Kalèdo is an educational board game used to increase nutrition knowledge [10, 19, 21] . It has been shown that these board games contribute to increasing knowledge related to each particular field.
Board games are also efficacious for goals other than increasing knowledge. According to Charlier and De Fraine [22] , board games can be an enjoyable and motivational method for learning content and enhancing group interactions, competition, and fun. Martins et al. [18] reported that board games teach educational content in a playful and enjoyable way and involve interactions with family and friends; thus, they favor knowledge acquisition by enabling exchanges of experiences and learning. Furthermore, Wanyama et al. [16] showed that, as a method of health education, board games increase the acquisition of knowledge as well as result in more positive experiences than do health talks among both participants and facilitators. Amaro et al. [10] found that Participants were 328 students (11-12 years old).
The game-only group: n =
116.
The game-with-debriefing group: n = 125.
The control group: n = 87. The game-only group played the Galaxy Rescuers game. The game-with-debriefing group played the Galaxy Res cuers game and conducted reflection and discussion.
The control group conducted regular bulling curriculum using conventional teaching methods, such as antibullying videos and worksheet assignments.
The Galaxy Rescuers game significantly increased players' knowledge about bullying.
The game-withdebriefing group showed a larger in crease in bullying knowledge than the game-only group.
The game-withdebriefing group also showed a change in bullying attitude and empathy.
Unable to calculate
Unable to calculate Participants were 21.
The intervention group: n = 10 (mean age: 82.5 ± 6.3), the post-intervention: n = 9, the follow-up after 3 months:
The control group: n = 11 (mean age: 89.9 ± 3.1), the post-intervention: n = 10, the follow-up after 3 months: n = 9. The intervention group: 4 supervised exercising sessions were planned on the board game during the first week and then 3, 2, and 1 sessions were planned during the second, third, and fourth week of the intervention. class teachers noted improvements in student interest and appreciation of the board game. Taken together, these findings suggest that board games may improve the motivation of participants. Furthermore, Karbownik et al. [20] showed that a board game was warmly welcomed by students; in their opinion, it facilitated clinical thinking and peer communication. Therefore, board games may also have a positive influence on interpersonal interactions among participants. Based on the above findings, board games can be used as a tool to encourage learning as well as to enhance motivation and interpersonal interactions. In clinical treatment, it is important to increase motivation because low motivation to cooperate with a particular intervention may lead to a patient dropping out of treatment or to interference with the therapeutic effects. Based on the above findings, the use of board games may help increase the benefit of treatment for less motivated patients.
Board games and cognitive functions
In the present review, 11 of the assessed studies investigated the effects of board games and programs that use board games on cognitive functions. These studies used Go, chess, and Ska, which are not educational games but abstract strategy games. Studies investigating the use of Go found that older adults experiencing cognitive decline and/or living in nursing homes showed improvements in attention and working memory after regularly playing the game [6] . Studies assessing the use of Ska found that the game appeared to enhance the cognitive functioning of older adults in terms of memory, attention, and executive function [24] . Studies evaluating chess showed that training with the game improved the planning ability of patients with schizophrenia and the mathematical ability of children [25, 26] . But, Sala & Gobet [27] indicated that interventions that use chess are not significantly different from interventions that use checkers and regular school activities that address the mathematical and metacognitive ability of children.
The effect sizes for cognitive functions ranged from very small to large, but the effect size of exacerbation on metacognitive ability was shown in the chess training of Sala & Gobet [27] . The number of studies included in this category was relatively limited. Further investigations will be necessary to clarify the more detailed effects of board games on cognitive function. Articles about Shogi were not selected for this category in the present review. Because Shogi was also included with the abstract strategy games, this may influence cognitive functions. In the future, it will be necessary to use intervention studies to examine the effects of additional types of board games, including Shogi, on cognitive function.
Board games and other conditions
The "other studies" category in the present review included five studies that examined the effects of board games on physical activity, physical and psychological outcomes, ADHD symptoms, and the severity of Alzheimer's Disease. Mouton et al. [34] showed that a giant board game intervention for nursing home residents led to significant increases in ambulatory physical activity, daily energy output, quality of life, balance and gait, and ankle strength. The effect sizes in the present review of studies related to physical activity ranged from very small to medium. Fernandes et al. [35] reported that board games used as educational preoperative materials decreased the preoperative anxiety of children. Additionally, the use of board games contributed to improvements in the ADHD symptoms of children [7, 35] . The effect sizes for ADHD symptoms in the present review ranged from medium to large. Lin et al. [8] showed that playing Go improved the symptoms of depression and anxiety and ameliorated the manifestations of Alzheimer's Disease. Although a study by Barzegar and Barzegar [37] was not selected for the present review because it was a case report, these authors found that playing chess prevented panic attacks and contributed to the amelioration of this condition. Taken together, these findings indicate that board games might be an effective complementary intervention for the treatment of the clinical symptoms of ADHD and Alzheimer's Disease.
In terms of Alzheimer's disease, board games may also play a role in the prevention of the onset of this disorder. According to an epidemiological survey in Japan [38] , the prevalence rates of dementia in 1980, 1990, and 2000 were 4.4, 4.5, and 5.9, respectively, for all types of dementia and 1.9, 2.5, and 3.6, respectively for Alzheimer's Disease. In Japan, the number of patients with Alzheimer's disease has increased, and the prevention of this disorder is a problem that must be addressed. Because playing board games ameliorates the manifestations of Alzheimer's disease [8] , these types of games may contribute to the prevention of this disorder. However, the number of studies in the present review that investigated the effects of board games on clinical symptoms was quite small, and further research will be required.
Possible clinical applications of board games
It is also important to note that board games can be played without the use of language. Language-based therapies may not be appropriate for people with underdeveloped linguistic functions, such as children and patients with speech disorders. However, board games may be a viable treatment option for these populations. In the present review, the subjects in 18 of the assessed studies included children, which is a group that is still developing linguistic functions and is more likely to have poor knowledge about diseases. The present review also revealed that board games and programs that use board games are effective for achieving various outcomes for children, including increasing educational knowledge, enhancing cognitive functions, and decreasing anxiety and the severity of ADHD. Furthermore, board games can be an enjoyable and motivational tool for children [22] . Based on these findings, it is possible that board games can be a useful intervention for children in particular because such games can be expected to result in the maintenance and promotion of health and the prevention of disease.
Limitations and future directions
Several limitations of the present study must be considered. First, the number of studies assessed in the present review was rather limited. Therefore, further investigations of the effects of board games will be necessary. Second, many of the papers selected for the present review examined the effectiveness of board games by comparing prepost intervention for a single group or by comparing with a control group without intervention. These research designs do not control for the possibility of placebo effects. Intervention studies must include an active control group to control for possible placebo effects [39] , thus it will be necessary to compare the effect of board game groups and active control groups in future research. Third, in the articles selected for the present review, some studies were conducted with relatively small sample sizes. In cases in which the sample size is small, there is the possibility of increased sampling error. In order to reduce sampling error, it is necessary to do a power analysis to set an appropriate sample size in intervention studies. In addition, it is desirable that multiple assessment indicators be used to examine the effects of board games in various perspectives and to reduce measurement errors.
Conclusions
The present systematic review showed that board games and programs that use board games have positive effects on various outcomes, including educational knowledge, cognitive functions, physical activity, anxiety, ADHD symptoms, and the severity of Alzheimer's Disease. Additionally, board games were shown to contribute to improving these variables, enhancing the interpersonal interactions and motivation of participants, and promoting learning. Taken together, these findings suggest that board games would be an effective complementary therapy that would contribute to the improvement of many clinical symptoms.
Abbreviations ADHD: Attention-deficit hyperactivity disorder; cRCT: cluster randomized controlled trial; HIV: Human immunodeficiency virus; RCT: Randomized controlled trial; STIs: Sexually transmitted infections
